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' DETERMINING DRAINAGE AR:A LAG VALUES

1. Introduction.--Synthetic unit hydrographs for drainage arcas in

the Los Angeles District arc based on lag curves and S-graphs which were
i derived from rainfall-runoff rclatioaship studies. The dcriva tion of
' these curves is explained in paragraphs TO-75 of the Whittier Narrows
report.* The three lag curves finally established (shown on pl. 1) were

assumed applicabie to three types of drainage areas: (a) mountain,

(b) foothill, and (c) valley. To obtain lag values for drainage a.rea..s
with characteristics representative. ol more than one type, it was nccessery
to assume a basis. for prom 1.ng bctwcen these 3iven curves. The procedure
- has been to determine the lag by inmterpolstion between mountain (or
. foothill) and valley lag curves in ggcoédance wit.h'the ratio of the
( " improved channel length to th'e' longest vatercoufsq length in the ares. It .
| has long been recognized that this procedurc has se\fcrai d.ra.vbacks’,' most
serious of vhich is the difficgity of according explicit consideration to

side-drainage-channel and storm-drain improvements.

2. General.--To overcome the deﬁciencies of the procedure in-
dicated above, considgration was given to estimung a basin ra.ctor, i

representing the flov characteristics, for each area per,tinent toa

hydrologic study. Accordingly, a basin factor (B) vas estimated for

% District engincer's report titled "Hydrology, San Gabriel River and
the Rio Hondo Above Whittier Narrows Flood-Control Basia With Addendum
on the Hydrologic Effect of Diverting Outflow From Whittier Narrows
Flood Control Basin to 1os Angeles River Via the Rio Hondo," dated
20 December 1944 and revised 10 July 1946 and approved by the Chief of

. Engineers on 12 May 1945 and 1 October 1946.
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each type 61’ ;lro,innzc arca represeated by the three cstab;ishcd lag
éu‘xﬁ;es. 'Ihis% basin factor was the estimated mean of the "n" values
§f all watercourses within a .drairage area based oa Manning's foraula
coefficient of roughness for average chmels as giver in teble 1 of
EM 1110-2-1k09. |

il

3. Estimated bosin B factors and dcscription' ol periinent

drainape arcas.--The estimated basin T factors and the description

of the threc pertinent iypes of drainage areas are as {ollows:

(a) ®= ‘0.05: Drainage area is guite rugged with sharp ridges
and narrow, steep cn.nyon.. through whilch wa »c*coar..e., neander a.romd

sharp bends, over large boulders, and coasiderable debris obstruction.

‘The ground cover, excluding small areas of rock outcrops, ianclules

many trees and considerable underbrush. No drainsge improvements
exist in the area.

() 1 = 0.03 { Draianage area is generally rolling, with rounded
;idges and moderate side slopes. Watercourses mea.nder in fairly
straight, unimproved channcls with some boulders and lodged debris. |
Ground cover includes scattered brush and grasses. No channel improve-

ments exist in the area.

-
-

(¢c) E=o. 015: Dra.inage area has fair]y uniform, gentle slopes

with most watercourses either i.nprmd or along paved streets. Ground
- cover .consists of some grasscs‘'with appreciable areas developed to

-

the- extent that a la.rge percentaao of the area ic impervious.
7 Wy
. a

B ]




4, The selected basin I factors proved to be in direct proportion

to the intercept (C;) valucs in the lag curve formula:
: ) n ’
L-L ' ' .
Lag (in hou.ra) = Cy (__T‘EE:) Ce
"~ where Cit = intercept value of the line whose equation.
: wag derived Irea plotted lag values (sce pl. 1)
L' = lcagth of loagest watercourse, ia miles
Lga = length elong lonzect watercourse, measured
' upstreum to a point opposite ceater of arca,
in miles
S - = over-all slope of drainage arca between the
heedwaters -and the collection point, in feeu

per mile

m = the slope of the lines shown on pl. 1.

The intercepts (C) and the basin T factors are givea in the followiag

table:

Wof drqinage arca 1 G : &
mmtm‘.......’..'.‘......‘.'.....".....'............:1‘2 :o.os
Fcomn.........-...'....‘....‘..'.....‘...'.........‘.: "72 : .03
mley..........?.......'.......'........‘...‘..:“....l......'. .35 : .ols

.

5. An add:l.tional ba.sm n fnctor ot 0 200 was estimted for
another’wpe o? drninn.zo area on the basis or research of lag studies

0 '_ By other orga.nization.. o.nd. imrestigations and comparison of basin
. charoctoristics. his ba.s:[.n factor (T = o 200) vas selected for an
;. area vrith the rol.low:l.ng characteristics~ Drainage area has comparatively
' - unirom slopes and surface characteristics such that chaanclization does

a0t occur. Ground cover consists of cultivated crops or substantial



growths of grass and fairly dense small shrubs, cacti, or similar

vegetation. No drainage improvements exist in the area.

6. Determination of bacin o factor.--A basin @ factor can be esti-

. mated by comparing characteristics of drainage arcas being studied with

. the characteristics of the drainzge areas for which basin 7 factors have
becn estimated é.nd by comparison with dcécriptic_m of pertinent drainage
arcas given in paragraphs 3 and 5. Estimated basin (R) factors and .
pcrtin«;nt data for drainage arcas for which lag values have been deter-
niced are listc;ﬁ in table 1. Tke lag rclation..hips fo‘ the draizege areas
‘given in table 1 are shown on plate 2. Also shown on plate 2 is t...e basic
curve (former mountain iag curve) which kas & basin T factor of 0.05, a Cg

of 1.2 and a slope or "m" value of 0.36.

7. Determination of lag.--The lag for the area under coansideration

~ 18 computed ‘by the use or' the following equation:
. ' cX . - '
Lag(5ax) (1a hours) = (5:5'5".) 128(50.05)
" vhere I“f‘(ﬁ-x) = the area lag required

. x - the value of B estimated for the area
o Lag(n_,o_o5) = the J.as obmned rron the basic curve whose T=0. 05.

REE

. 8. Sample commtatiom.--Smle ccnbutations for an area with L of
b.l miles, Lgq of 1.5 m.lea}, siope of 228 feet per mile, and estimated
bagsin nof 0.025 are as follows: (2) using the sbove data,value Of —— Lolea .

. TTE

18 determined as 0. hl, (b) enter plate 2 wvith the %ﬁ value of 0.41

. and using ‘the curve with B of 0.05, the 1‘9'3(5'-0.05) 18 determined as 0.86

" hour; and (c) with the estimated basin T for the area of 0.025 and &

Iag(-i- =0.05) of 0.86 hour, the equation presented in paragraph 7 is used to

determine m8($0.025) of 0.%3 hour.
‘ 4
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Jeble l

Lag relationships - drainage aresa lag and estimated @ velues

;'Lag relationship study

No. ° Drainage area* ¢ Reglional : : LI : ¢ Estimated
P . {2 . a e ® o
. H ) : $ location¥x Authori tyxe’ . : lag in : oY
e 8 P s oY : : : &2 : hours :
: i ] : ; A
l.veeoes? San Gabriel River at San Gabriel : . "t TAD. . veaotve el L 3.3 0.05
:  Dam, STy : . : oo :
24004403 West Fork San Gabriel River at : . HIPI . T T 1.8 : 1.6 .05
¢ Cogswell Dam. : : HA : : :
3.....0: &nta mta &.eek at s&nta Mita- : b :a-.dOol‘loccu: .55 H lll : 005
¢ Dam. : HE e : 3
&00.0.0:&!‘% creek ats&nmmas Dam.oo: M :l"dOcQIOco H . 2-0 HE 115 : 005
Decesest Erton Wash atiEaton Vash Dem.e..oess: . Y s Uo YD 1.3 : 1.3 .05
eesses: San Antonio Creek near Claremont...: . 2eeal0cancanasl .56 : l.2 : .055
Teseesst Santa Clara River near Saugus......: . teee@0iicnanast 3.y : 5.6 : .05
seeses? Temecula Creck at Pauba Canyon.....: . $ere800acecest 2h,0 : 3.7 : .05
9.teee.? Santa Margarita River near : . HPIPINY s [« PIPIRURPIR 98.7 : 7.3 : .055
¢ Fellbrook. _ : : : : :
10...:0: Iive Ok Creek at Live Ock Dom.....: . YR 1o YU .16 : 8 .07
De.eeo? Tujunga Creek at Big Tujunga Dem . $eeel@0iueacanas 6.5 : 2.5 : .05
:  No. l. : : : : : 3
12..0.0: mt mrwn creek at Flﬂ.lcrton : . :a.odOooulnioc: .)‘6 : 96 : 0035
¢ Dam. ) : : - : : :
13.....: Los Angeles River at Sepulveda : . teeedOiicernset .2 ¢ 3.5 .05
¢ Dan. : -3 : : : :
1".0...:Pac°ima “ash at Pacoim m....c‘..: . :...do.l.‘....: 608 : 201‘ : 005
15.¢s0..2 Adhombra Wash above Short Street...: . feee@0inrunnest L .6 .015
16,....: Broadway Drain above Raymond : . FONPIY s [« DUPI 58 .28 .015
¢ - Dike, : : : : :

See footnotes et end of table.
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Table 1--Continued

1ag ‘relationships - drainage area lag end estimated T values--Continued

30.¢s..: Compton Creck near Grecnleaf
Drive.
30a....: Compton Creek below Hooper Avenue
storm drain.f3f
31l.....: Salt River near Roosevelt, Ariz....
32.....% Bill VWilliams River at Planet,
s  Ariz,
33¢cece+ ¢t Verde River ebove Camp Creek, near
¢ McDowell, Ariz.

* 60 o9 98 o8 o0

- See footnotes at end of table.
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1.75

18.6
16.2

19.7

0 @8 €0 S8 S0 B¢ 47 e4 B8 o 00 e

015

.05
.05
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f f f lag relationship study :
3 * ¢ Regilonal : . : s Estimated
No. Drainage aren 3 locetion®™® iy iporggyers Li’ca :lag in :  ©f
. : H : : g3 : hours
$ , : : : : :
: ' : : 3 : :
17.....¢: Ballona Creek at Sawtelle Blvd.....: . 3D 7.1 ) D 8.3 : 1.2 : 0.02
18.¢...: San Jose Creek at Workman Mill : . 2ees800aisnnns? 2h,o : 2.4 .03
¢ Road Bridge. : : : : :
19...... Marrieta Creek at Mecu.lﬂoootaa.oo: b - [« JP 28.7 : 1&.0 H 005
m.....SSG-nV:lcente.creek at Foster..-.n.-: . :0.1d°cc--o¢l‘: 12-8 H 3-2 . 005
2l.v...: Santa Margarita River at Ysidora...: . teee@0iaecnerse? 221.7 : 9.5 055
* 22.....% San Diego River ncar SantecCescecsee? . $eee@0saieaaeat . 95.4: 9.2 07
'23..000% Santa Ana River at Predo Dame..e...? . teee@0uisenacent 164.9 : 13.0 .08
24.,...t Huasna River near Santa Maria......: . $eeeB0crvvnnsst sk + 7.0 .07
2540.00% Sisquoc River near Gary.eceeoseecss? . $eee@0ceacanest 76.8 : 8.9 .05
26.....: Salinas River near PozOe.ceeesscces? x teee@Ouerenanat 9.0 : 5.7 : .10
20e+e..: Salinas River at Salinas Reservoir : x 2¢¢eB0iiarenast 19.9 : 7.0 : 10
. ¢ near Pozo. . H . H : : B
28.....: Deep Creek near Hesperifiececeesocess o $eee80uececeaet 28,1 : ##e.8 @ .05
29.....¢ Hest Fork Mojave River near : . teeel0iiernenet 8.9 : ##1.0 .055
Hesperia. H H : .
H . tecel0... 21.0 015
: :



Table l--Cont;nued

lag reletionships - dreinage érea leg and estimated n velues--Continued

A Drainage arca¥*

o
¥

Reglonal
locationx*

Lag relationship study

Author] tyxx*

L

ce

S?

lag in :

hours

Estimated
-

iy

o8 00 50 08 A0 88 B¢

" 3lh.e.eet Gida River at Conner No. 4 damsite,
$  Ariz.
35¢¢e0s: San Francisco River at Junction
B ¢ with Blue River, Ari:z. -
36.....: Blue River near Clifton, Ariz......
37ee¢eee: Gila River near Clifton, Ariz......
380.0--: Plateau &‘eek near c&f’.ﬁo, ColOsseee
39¢..04¢ Dolores River ncar McPhee, Colo....
,"000'003 Yhite River near Watson, Utaheeeeoe
k1.....: Paria River at‘lees Ferry, Ariz....
k2,....: Sen Juan River at Pagosa Springs,
.8 Colo. . )
h3.....: Aninas River at Farmington, N. Mex.
‘Q’h.u.: San Juan mver'&t Rosa, N. ¥ex.....
45.....t San Juan River near Blanco, N. Mex.
46.....: San Juan River at Farmington, N.
$ - Mex, . '
k7.....t Puerco River near Adamana, Ariz....
ha.'...:...do"..‘.........‘.’...'.....'l....‘

kg‘....:.‘.do..l...Q...'..l'...'0...0.."0~"

500000.3 Clear Creek near WinSlow, Ariz,....
5).....: Moencopi Wash near Tuba City, Ariz.
52¢4...2 Arroyo del Valle near Liverore....
© 93¢eeset Calaveras Reservoir inflov.eeeseoe.
5!'000002 Corte Madera Creek at ROSSeeeesnnne

See footnotes at. end of teble.
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Table 1--Continued

lag relationships - drainage arca lag and estimated & values--Continued

&

Lag relationship study

: ) : :
: 3 : $
: * ! Regional : . : ¢ Estinated
No. ’ Drainage arca § location™ 1 s aporgpypene! Llea :legan: nf
3 _ DS UE S $ Tt . % i hours i ... .
- s - - : : s [ 8B : :
: : : : : :
S5ha....: Corte Madera Creek 8t ROSSeveeeooss? x $ JTAD veverens? 2.7 : 3.3 : 0.12
55.....: East Fork Russien River near K x ¢ SFDuvieennes? 5.9 : 6.5 : b
H Calpella. : : : H :
56--.--:NOV'at0 Creek near Nova"co...-.......: X :onodOcooo--o-: 3-5 H "07 H 12
5T+¢...: Pinole Creek near Pinole damsite...: b 4 $eeel0s0evenast? 1. s 3.75 ¢ S 1t
58.....: San Francisquito Creeck near :. x teee@04irianst L8 : b,75 W1,
o ¢ Stanford University. - i | : : H
59.....: San Iorenzo Creek at Hoyward.......: x 1e00@0iivveeeet . 2,03 k4,9 .16
€0.....: Sonoma Creck at Boyes Hot Springs..: x teeedOiieivesss 100 : 4.8 .08

. ¥ Dreinage areas ere located in Californio unless otherwlse noted.
¥% Regional location: °* Southern California
$ Gila River basin, Ariz.-N. Mex. i . _
0 Colorado River basin, upper .
. : X Central California
*¥%% LAD - Los Angeles District
SFD - San Francisco District .
USBR - U. S. Bureau of Reclamation .
Yore deteiled field investigation may indicate chenges in some estimated T values.
¢ Restudy is being made because a preliminary check indicates a longer lag.

(B

7 Trensposed hydrogreph based on discharges recorded at Grecnleaf Drive geging station.

Tt
Sk |

LI
'g
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6. Corralitos Cr Nr Corralitos L, Napa R. Nr St. Helena

13. Pinole Cr Nr Pinole 10. San Lorenzo R. at Big Trees
78 15, San Lorenzo Cr Nr Hayward 2l, Uvas Cr. Nr Morgan Hill

17. Austin Cr Nr Cazadero
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2
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0
i man = anana ot R = S N D
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ey
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i Stanford university
19, 8. F. Zel River Nr Branscomb 7. Rullian River Nr Ukiah
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2¢ 25, Matadero Cr at Palo Alto 21. Mad River Nr Arcata (Cottonwood

cr nr Cottonwood)
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/ L
"distribution greph was derived for subarea Wi-E bacause the porcus Pt
 soil end the large number of depressions in the subarea wore assucs: Latin P
to result in negligible run-cff, For subareas WN-39 and -40, whicy U
are reservoir sites, a distritution of 100 percenu durino ‘tha £irst
unit parlod was essuwsd, Distridutlon graphs were d.erivod synthot. o, emre
ically for the other 74 subareas boceuss run-cfi records wore not R
available for the concentration points of those areas, Deteils of N MY
the derivation of distribution graphs are given in following pare- e
graphs, - _
_ 70. Derivation of distribution é@hs. - The method used in crees d
these studies for derivingz end epplying unit graphs a',nd distributbio: S o=ate
t gra.;;hs\ is epproximately the same as that describoed in United States viei23 €
1; | Gsological Survey Water-Supply Paper ﬁo. 772 and in numerous techni- .4 pod
cal papers included in publications of the American Society of Civil e :-c;l
 Engincers and the American Geophysical Union. Although most terms Couimw
used in the flood synihesos described in this report are dafined in e,
those papers, an explanation of some of the terms is given below ﬁfor T =at
the éonvenionco of the roader. - . »
B Jttndtfve rainraii is- fhat part of the rainfall that Toem o4y
remains on the surface of an aroca after 1n£11tration eveporation, Ta T
transpiration, ‘absorption, and detention, and tha.t results in run- T
off. Effective rainfall is equivalent in quantity to surface run-ofZ. BRI
~ b, A unit graph foz; a given point on a given stream is 2 RIS

curve (a hydrozraph) showing the time distribution of rates of run-

of £ that would result at that point from urit effective rainfell over

kb2



A t.he. plcj.rous
vere assumy
"_V:’- =40, whicy
8 the first
-.'ed synthet-
 ware not

-Deteils of

L - _:ling rare-

h | usad in

-  stribution

" ted States

o ani-

| 'n:‘vty' of Civil
'_lnst terms

j---letined. in

"4 beloy for

‘a1l that
= -AA_"oration,

- i -\ce run-off,

sho drainage area above that polnt. (A vnit graph for the concen-
sration point of a drainage ar'ea is also called the unit graph for
chat are€a.)

c, A dstridution graph i & unit graph whoso ordinates
are exprossed as run.off in percent of wnit run-off. As used for
tnis repord, a distridutlon greph is -constructod as & block greph,
cach block reproscnting tho percont of vnit rwn-off that results
during unit time,

d. A summatlon hydrogreph for a given point on & given
stream is a curve (a bydrograph) showing the' time dilstribntion of
tho ratos of run-off that would result from an essumed continuous

series of unit effective rainfalls over the draipsge area sbovs

. that point. The ordinates of the summation hydrographs used for

this report are expressed as rate of run-off in percent of ultirmate

(zaximum) rate of run-off, and the ebscissae are expressed as time

*

units, (For further explemation, see undor a subsequent hoading,

. "Summation hydrograph.®)

| =
bt 1*! o, lag for a drsinage area is th ﬂapled tins (1:1 houra) i
: g 4_/‘—*.\

Zrom the beginning of an assumed continusus seriu of unit effec-

© *ve rainfalls over the area to the imtent at vhich ths rate of

.. he 'r'emiting run-off at the area concontration point equals 50 per-

cent of the meximum (ultimate) rate of the resglting run~off at that
PMn‘&b (Por further explanation, see undsr a subsequent heading,
!ILag.u)

43
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f. An S-graph is a summation hyd.rograph. developed by
plotting discharge in percent of ultipate discharge versus time ir
percent of lag. (For further explanation, see vnder e.. subsequent,
heading, PS.greph.m) vl

71. Adequato rairfall and run-off data aro aveilable for the
derivation of distribution grephs for oight points in and near the
drainage avca ebove Whittier Nerrows: (1) Sen Gabriel River at Sa-
C'-a'briel Dam No. 2, the concentration point of subaroa Wi2; (2) san
Gabriel River at San Gabriel Dam No. 1, the concentration point of
gubarea WH-1; (3) Baton Vash at Baton Wash Dam, the concentration
point of subarea WH-13; (1) Santa Anita Creek ab Santa Anita Dam, &
point in the lower part of subarca WN-18; (5) Son Dinas Creek at S
Dimas Dam, a point in the lover part of subarea WH-26; (6) San Jocs
Oroek at Workman Mill Road, a point Just downsiream from the concez-
tration point of subarea WN-36; (7) Broadwey drain st Raymond dike,
. a point in the upper part of subarea WN-11; and (8) Alhambra Vash 2t
Short Street, a point in the lower part of subarea vm-n. The loco-
tion of these eight points 1is shown"'on plate 19. Broa&va.y dra.in e
Alhanbra Vash, vhich are paved chamnels, dra.in nr‘ba.n and :nhurban
areas, end San Jose Oreex, which is unimproved., drains a hill &nd
valley arca that is principally agricultural. The other f£ive stre-s
“drain mountain arsas. R
72. Distribtution grapha for each of the eight poinis were de-
" rived by trial-and-error réprodaxctions of hydrographs for the %

£lo0d. The reproducsd flood hydrographs together with gabulatiocn?

Y
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ot ino distridution-greph percentzzes ere shoun on plates 41 to 4§
melusive. These hydrographs were used because the 1938 £lood not
aly vas the greatest for wiiich adequato data are availlable dbut also
was the largost of historic rscord. Zherofore, 1938 flood flows wore
Zopsiderad nord indicatlvo of dosign flood flows., The derived dis~
{ribution graphs were corroborated by using them to reproducs hydro-
grophs for the flood of January 19%3. Analyses of all major floods
wero mpractlcable becauss of the lack of sufficlent run-off end
ratafall data,
73. Data from all eight graphs supplenentod by similar data

30 otisr drainago areas in southern California were used to develop
s;/athetlc distribution graphs for 34 subareas for which adequate data
wore not available for deteloping'distribution graphs, Dstails of

‘he dovelopment of those synthstic distribution graphs are given in
folloving peragraphs, |

T4. Dorivation of synthetic distridution graphs, - The method

:{ determining synthetic disiribution graphs descrided in this report
s genorally simila.z- to that method. developad. by ¥. P. -Snyder and
zodified by W. B Lang‘oein that 13 discussad in Tra.nsactions of the
-orica.n Ga_oph__ysical Union, pages BUT-USH of Pert I, 1938, and page

= - £26 of Part II, 2040, The method 1s used in determining the time

distribu_tion of run-bdff in drainage areas ro"r'. which concentration-
?olat hydrographs are not avellable. The method provides for trans-

Posing to those areas ths charactaristic tine d.iatribution of run-off

or. e o S a8 S

ia nea.r-by dra.in.a»a areas for which such distribution can bo datermined;
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the transposocd distribn‘cion 15 usually the average distridubion for
soveral areas, Uso of the method is considored practicable vhon

dreinaga aress within a glivon rogion are physiographically and hydre.
loglically similar., Ths oxpericnca of this office indicatos that the

roglon 15 valld, omd that rosulis bassd on that assurption are acce.

rato wvithin acccpiable limdts,

75. 3Bocanuso no two drainage areas have identical physical
charactoristics, such as arca, dimenslona, stream-channel patiorn,
channel lengths, and stroem slopos, the run-offs from those ereas
never concsantrate alike, and ths distribution graphs of those ercas

are nover idontical oxcopt by chancs, [Jhorefore, diroct transposi-

( " tien of distridution gravhs froxu ono area to another is usually pre-

cludsd. Howevor, most distributlon graphs are genorally similar,
GERRARNATTS R .

and the iniroduction of a factor (pareneter) called "lag® will bring
the‘general arrangcment of ordinates along the bases of d&istridbution
graphs into a generally consistent relationship. lag, which vas

first defined in part by ¥, ¥, Horner and ¥. L. Flynt in Transac-

tions, American Society of Civil Engineers, Vol. 101, 1936, as the
Stime differencd in ph.as-a betwesn salient features of the rainfall
and run-off ra.te cnrvas,“ is en expirical expresaion of tho physical
.charaoterh'cics of & drainege area in torns of time. Detells of tke
determination of lag for ereas for which charactoristic time dlstri-
butions of run-off are known and of the use of lag in doveloping

synthetic distridution grephs for 334» subareas above Whittier Narrowl

are ¢3 follows:
~bE-

assurption of such similarlty betwson areas in ths southszn Califorr:.



. Sumation hydrogreph, - The first step in determining

le Vil

; for a drainage area consists of constructing a curve called a

" and hyar, -
hydrograph, which is the hydrograph of run-off that would
s th}.’.’d ths :..._’Jation Y ph, 5 grap
' -»sult from the continuous generation of unit effective rainfall
.y2r the area, For this report, the ordinates of sumniation hydro-
are acep. . X

- sraphs are expressed ‘as discharge in percent of ultinate di scharge,

rnd & summation hydrograph for a given point on a given streanm is .
1srived by algebraically adding a continuwous series of identical

‘tstridbution graphs out of phase one unit period, On such a hydro-

rruph, the time required to reach maximum (ultimate) discharge is

~qual to the lenzth of the base of one distridution grap_l_:v}"e_g_smgggh_;___

'"ly it period, 'i’he mean half-hourly percentages of discharge from the
A 2

la;( lstridbution graph derived for San Gabriel River at San Gabriel Dam o.k"
' \ : . 71
; © Yo, 2 (see pl, U1) are tabulated in column 2 of table 28, and the s \ LY
- bring . — 4 h [}
b successive accurmlations of those percentages are tabulated in col- . ~
N wn 3, From data on these Percentsges, the summation hydrograph for H‘H
18 ' '

Saa Gabriel Dam No. 2 was plotted to show time versus discharge in
rereceat of ultimate discharge (see pl. L9), Summatioﬁ hydrographs' .

vere developed similarly for the other seven points mantioned. undex_' a.“
eceding head.ing, "Deriva.tion of distribution graphs, * i

b, Leg, The d.eﬁnitions given for lag and sumnmation
hrdrograph under amprececugg heeding, "Derivation of distribut;’on o
CTaphs," indicate that lag for a dralnage area may also bs defined
RS the elapsed time (in hours) from the beginning of unit effective

*1nfall to the instent that the summation hydrograph for the

47~




concentration point of that aroa reaches 50 percent of ultimate
discharge. For exsmple, the lag for tho drainage area above San

Gabriel Dam No, 2 (WN-2) is estimated at 1,6 hours (ses pl. L9),

When the lags that are determinsd from summation hydrographs dover.

oped from observed bydrologic data for several simller drainago

arsas are correlated to the physical characteristics of those are::

an empirical relationship is usually apparent, This relationship

can then bs used to dotermins the lags for comparable Grednage are.

for which the physical characteristics can be dsterminod, but for

which the distribution graphs for concentration points cannot be ¢

ternined because of inadsquate hydrologic date. Measuring the la;:

for the areas above the eight points menticanad under & precoding
heading, "Derivation of distridution graphs," indicated that lags
for those areas could des expresaed. by tho expirical formula:

,Leg (in hours) = Cy Lx Loy

vhere Oy = & constant (sea below)
L = length of longest watercourse, in miles
Log = length along longest watercourse, measured up-
strean to a point opposite center of area, iz
niles
8 = over-zll slope of drainage area between the
: headwaters and the collection point, in feet
- , : per mile
- n = a constant (s3e Ddelow),
On plate 50 is shown the derivation of this equation, accompliske:l

by plotting, to logarithmic scale, observed lag versus P__’frl.'.cé
Sz
rlotted points for the lags of the five mountain dra.inage areas

~ho

%

vrep
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v -ato u cest a straight line whose slope, m, is 0,36 and whose intercept,
13 above Sapn €., is 1.2, Adequate corroboration of the relationship expressed
ee pl. L49), by this formla is indicated by the position of the line, shown
. " ographs dOVc-;P,_otted on plate B0, fitted to these five lag poinfs end to leg
- r d.v.'ain;age points for seven compai'a‘ole drainage areas in the southern California

i ",,’f thoso are reoion, The same relationshlp does not apply to the three valley =nd

P j:11 drainages, (The determination of all factors that should be in-

~drainage ar: elnded in the formula to make one relationship appliceble to all

- oed, 'by.t. for ;.-es of areas appears infeasible because availsble data are inade-

© cannot bo ¢ z:ate,) However, the assumption is reasonable that the legs for the

o ring the I valley subarees can be determined from the relationship expressed by
b_ preceding  , straight line thet is parallel to the line for the mountain areas
1 t’( 883 .nd fitted to the plotted lag points for the areas above Alhsmbra
':mla.: Wesh at Short Street and Broadway drain at Raynond dike (two of the
' thres valley and hill ereas), because the derived legs for these two
areas are re;;resentative of the legs for areas with paved collectiﬁg
iles chanfxels, and beceuse the design flood is assumed to occur after the
- sasured up- cheannels of n‘il.princilpa.l tritutaries in the valley area above

area, in :
- »nittier Narrows have.'been paved,

-:,.“n the 6. S-zraph, - When 1ags were determined for the areas
7, in feet

7 above the .eight considered points, the next step in determining syn-
thetic distributién giaphs was the development of S-graphs, which
e summation hydrographs modified to the extent that percent of ul-

‘inate discharge 1s plotted versus time in percent of leg, In other ' :

ords, the derivation of an S-graph is identical to the derivation

o
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}I /deteminina synthetic distribution graphs for 34 subareas for which,
>4

of a summation hydrograph, except that the factor of lag has been
jntroduced. .Time in percent of leg for use in developing tha S-
graph for the area above San Gabriel Dan No. 2 (subarea VWE-2) is

giver in column 4 of table 28, S-graphs for the five mountain arez:

including subarea Wi-2 ars shown on plate 51, and S-graphs for the

three valley areas are shown on plate 52, In conformity wvith the
definition of lag, the S-grzph roaches 50 percent of ultimate dis-
charge at 100 percent of lag. This fact is helpful in using S.
graephs to comparo run-of f characteristics of various drelnags ereas.
The average of the S-graphs for the four mountain areas (pi. 53) wa:
assuned o be applicable to the mountain subareas with unknown run-

off characteristics, and similarly the average of the. S-graphs for

two of the three valley areas (pl. 53) was assumed to be applicable

" to the valley subareas.

d. Applicetior of lag and S-grephs. - The final steps in

run-off cheracteristics are unknown can be 1llustrated by reviewlaz

-

tho final steps required in detamin.ing the synthetic distribution

gra.ph for onas of those su'oareas, ‘s8y nountain subarea Wi-21, First,

‘Values of L, Loo, and S  were determined from topographic data, and

" the value of L = Loa vas computed as O.Ul. Then. froa the lag eur‘n

: applicablo to mountain ereas (pl, 592 1leg for a value of 0 41 was
: e B

d.atermined to Ye O, 9 hour. Naxt aunit time of 20 minutes was se-

lected, and accumulated. unit-tine periods ware exprassed as accumi-

lated percentazes of the 0.9-hour laz {ses column 2 of %able 29).

L
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.21, Firs!

c .data, and

vthe lag curs:

:If 0.41 was -

" htes was se-

4 as accumu-

-.on, these porceniages of lag wore used in suporimposing a #block?
sreph on the average S-graph for nountain subarsas, and the resuli-
aat pattern was usod in dotermining the accumuleted mean percentage
¢ ultirate @ischargd for cach sccumlated unit time (pl. HY4).

~nes¢ accuwmlated nean porcentages are tebuleted in column 3 of
cable 29. Then, becauso theéé acévmulatecl mean percentages repre-
sent the accunulated mean percentegas for tha synthetic distridution
-raph for subarea WN-21, the moan percentages for successive unit
seriods wera datermined by o series of subtractions. These percent-
-zes are tabulatéd. in column 4 of table 29, Synthetic distribution-
sreph mean percentegas ware derived similarly for 33 other subaress

for vhich adsquate run-off data were not available. However, the

1az curve end ths average S-graph for valley areas were used ir the

. derivation of synthetic distribdution~-graph mean percentages for

valley subarees., Pertinent data on lag for the 4O subarezs axe
;iven in table 30, and pertinent data on distribution-graph percent-
1308 are glven in table 3l.

76. Regervolr design storm. - As stated under a precsding

“eading, "Generel," the reservoir design storm would be equal in
=iznitude to the storm of January 1543, Consequenily, the total
*orm isohyetal map for the storm of Januery 1SU3 over the drainage
wea (pl. 27) was used in'.d.etémining the average d.epﬁh of total
~esignegtorm prl-ecipi tation iz each subarea. Each of these average
“oths was convertad to 2 unit-time pattern of rainfall inienmsity

" Uslng records of antematic rainfall gages in and near the subarea.

-51-
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METHOD USED TO DEVELOP
UNIT HYDROGRAPHS
) FOR THE - . :
U. S. ARMY ENGINEER DISTRICT, LOS ANGELES ™
CORPS OF ENGINEERS S
The followlng excerpts were teken from the district
engineer's report titled "Hydrology, San Gabriel River and the Ric
Hondo Above Whittier Nerrows Flood-Control Basin with Addendum on
the Hydrologie Effect of Diverting Outflow frcm Whittier Nerrows
Flood-Control Basin to Ios Angeles River Vie the Rio Bondo," |

dated 20 December 1944 and revised 10 July 1SL6.

70. Dorfvation of distrilviion ezephe, - The method used in

these studies for deriving and spplying unit grephs end dlstridution
grephs is spproximately the same as that described in United Statgs
Geological Survey ¥atisr-Supply Faper No, 772 and in numeroue techni-
cel papers included in publications of the Amsrican Soclety of divil
Engipecrs and the iuerican Geophysical Urlon. Although moct terms
used in the flood syniheses describe;l in this report a.:fa dsfined in
those vopers, an explenation of son:e of the terms 1s given below for
the convenience of the reader. o | :
a. Effective rainfall 1s that part of the ralnfall that
remaips on the surface of an area after infiltration, evapovation,
trenepiration, ebsorption, and detention, and that resvlts in run-
off. Effective rainfall is equivalent in quantity to surface run-off,
7 b, A unit greph for a givén point on & given siream is a
curve ( hydrograph) showing the time distribdution of rates of run-

off that would result at that point from unit effective rainfall over

2.




.tho droinage area above that poiﬁt. (4 unit gre.ph for the concen-
tration point of a drainage area is also called the unit graph for
that ares.) o |

Ce A distridution graph is & unit graph vhose ordinates
are e:qaressed as run-off in percent of unit run-off., As used for
this report, & distribution groph 1s corgtructod as a block graph,
each block representing the percent of unit run~off that results
during unit time,

d, A _su.mma.,ti.on hydrograph for a gh:'en point on a given
ctream is a curve (a hydrograph) choiing the time dlstribuiion of
the rates of run-off that would result fro;!x an sssumed continuous
series of unit effective rainfalls over the drzinsge area gbove”
that polint. Th; ordinstes of the summation hydérogrzphs used for
this report are expressed as rate 61‘ run.off ip peréent of ultimate
(meximun) rate of run.-cff, and the absclessae are expressed as time
units, (For further explanation, see under a subsequent hesding,
"Summation hydrograph.®)

. lag for a drainage area is the elapsed time (4n hours)’

from the begi.nning of an assumed continuous gseries of unit effec-

tive reinfalls over the area to the fnstant at which the rate of

the resulting run-off at the area concentration point equals 50 per-.

cent of the maxirum (ultimate) rate of the resulting run-off at that

point. (For further explanation, ses under a subsequent heading,
"Lag.") '

i3
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£f. A; Sééraph ig a summation hyérogreph é.o;feloped by
plotting discharge in percent of ﬁltima.te dischnxge #era;m time in
percent of lez. (For further explanaiion, see wader a subsequent
beading, "S-greph.®) | | |
T1. Adequate reinfell and run-off dais cxe avellable for the

derivation of dictribubion grephs for eight poinds in and near the .

Sruinsge &ree cbove ¥Whittier Narrowst (1) Sex Gabriel River at Sea

Gebriel Dua Ko. 2, the concentration peint of nubarea Wi-2; (2) Sen
Gedriel River at San Gabriel Dem Fo. 1, the con ncentration peint of
subzrea =13 (3) Faton Wash at Faten Wash Dem, the concentration
point of suberea WH-13; (%) Sants inite Crock et Santa Anite Dem, a
point ip the lower part of cuberea ¥i-18; (%) Saa Diras Creek at San
Dimas Dex, a poiat in th2 lower part of subaresa VN—Zo- (6) Sen J’ose
Orcek at Yorkman Mill Rond, & point just downsiream from the conce-
tration polirt of subares ¥N-36; (7} Broadway dvaln at Raymond dike,

& point in the upper part of subnyea WN-1l; end (8) Alhanbra Vash at

‘Short Street, a point in the lower part of gubarea ¥N-11, The loca~

tion of these eight points is shown om plate 19. Broadway draln arnd

" Alhambra Wash, which ere paved chamels, drain urba.n and eu‘burban

areas, a.nd. San Jose Creck, which is u.nimproved. dra.ins a hill end

va.lley area that is principally agricultursl. The other five streams

drain mountain areas.

12. Distri'bution graphs for each of the eight points were d6-

_ rived by trial-andporror reproductions of hydrographs for the 1938

' ﬂood. '.l'he *eproduced. ﬂood hyd.rovraphs together w:lth ta'bulations :

=l -,
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of the distridution-graph percentssos are shovn on plates 1#12 to 48
inclusive. These hydrogrephs woro useg ‘becausg the 1938 flﬁod not
only vas the greatest for which adequate data are é.v;ailable'but also
vas the largest of historic record. fTherefore, 1938 flood flows wore
considered more indicative of design flood flows, The derived dis.
tridbution graphs were corroboratsd by using them to‘ reproduce hydro-

graphs for the flood of January 1943. .Avalyses of all major floods

-were impracticable because of the lack of sufficlent riwm-off and

rainfall data.

77. Data from all eight graphe supplemented by similar data
for other dra.inégo areas in southern Califormis were uscd to develop
synthetlic distridution grzphs for 34 su'ba..rea.s for which adequate data
were not available for doveloping distribution grapha. Detatls of

the devolopment of those synthetic distribution graphe ere given in

following paragraphs. Ry
74, Dorivation of syntheiic d1striduticn gr}a*ohi.:_ -’I‘he methodi

of dotermining synthetic distribution graphs descrided in this report
i3 generally eimilar to that method dsvelosed by Y. F. Snyder and
modified by W. B. Langbeln that 1a dlecussed in Transactions of the

' .Amer:lca.n Goophysical Union, pages hh?-’-&b”-l of Parg I, 1933_, end page
.636 of Part II, 1940, The method is used in determining the time

. diétri'bution of run-off in drainage areé.c_'fo.r which concentration-

Point hydrographs are not available. The method provides' for trans-

posing to those a.iea,l the characterietic time dietributi:on of ron-off .

in near-by drainage areas for which such distridution can be deto:mined..*‘ -

U5
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the transposed distribution 13 usually the average distridution for
soveral areas. Use of the method is considored practicable vhen

dreinsge aress within a given rogion are physiographically and hydro-

.10g1cally sinilar., The experience of tbls office indicates tha.r'a. the

assumption of such similarity between areas in the southern California
region 1s valid, and that results basod ca that assumption ere accu-
reto vithin accoptable 1imd ts. -

75. Becsusoe ro two drainage areas have identical pbysical
characteristice, such as ares, dimensions, stream-channel pattern,
channel lengthe, =nd sircam slopes, the run-offe from thoso areas
never conceatrate allke, and tho distribution graphs of those arcas
are nover identicel excopt by chance, Therefore, direct tr_a.nspo.si-
tion of &istridution graphs from one arca to another is uﬂ'ually pré—
cluded. However, mest ddstribution graphs are genera.ll;:"éimilar,
and the introduction of a factor (parsmeter) called "laz® will bring
the génerﬁl arrangement of ordinates along the basee of distribution
graphs into a genez;ally consistent relationship., Lag, which ves
first defined in part by W, W, Horner and F. L. Flynt in Transac-
tions, American Society of Civil Enginoers, Vol. 101, 1936, as the
ftime difference in phase between salient featu.res of the rainfall
and run-off rate curves," 53 an empiricel ezpreasion of. the physical
charactexistics of a drainsge area in tems of tine. Details of the
determination o:f lag for areas for which characteristic time distri—

butions of run-off are kmown a.nd of the use of lag in doveloping

synthetic distribution graphe for }ll» subareas above Whittier Na.n-own.

are as followss

k6



a, Summation hydrograph, - The first step in determining

lag for a drainage area consists of constructing a curve éalled a.
summation hydrogreph, which is the hydrogreph of run-off thet would
result from the continuous gengra.tion of unit effective rainfall
over the area, TFor this report, the ordinates of summation hydro-
graphs are expfessed as d.ischarge- in percent of ultimate discharge,
end a summation hyd.ro,gr.aph. for a given point on a given stream is
derived by algebralcally adding a continuous series of identical
distridbution graph; out of phase one unit period, On s;.1ch a hydro;-
graph, the time required to reach maxirum (ultimate) discharge isa
equal to the 1eng£h of the base of one distridution g'rapix less one
unit period, The meaz;'half-hourly percentages of discharge from the
di;tribution greph der‘ived. for San Gabriel River at San Gabriel Dam
No, 2 (see pl. ¥1) are tabulated in column 2 of table 28, snd the
successive accumulatibns of those percentages are tadbulated in col-
umn 3, From data on these 'percentages,. the summation hydrograph for
San Gabriel Dam No, 2 was plotted to show time versus discharge in
perceat of ultimate discharge (see pl, 49), Summation hydrographs .
were developed similarly for i;he otl.xer seven points mentioned under a
precedizig_hea.ding, "Derivation of distribution graphs,”

| b, lag, - The definitions given for lag end sumnation
hydrogreph under a preceding hezding, "Derivation of distribution
éraphs." 1nd1cai:e that lag for a drainegé area may als‘p be defineqd
as the.elapsed t'ime (in hours) from the beginning of unit effective

rainfall to the instant that the summation hydrograph for the . -

7- -1&7;




concentration point of that area reaches 50 p'erc;oni of ultimate |
discharge. For example, the lag for the drainage .area. Above San
Gabriel Dam No, 2 (WN-2) is estimated at 1.6 hours (see. pl. 1#9)'. ‘
When the 1ags that are determined from summation hydrographs devel-
.op‘e.d frbm observed hydrologlc data for sevei-al similar drainage
areas are correlated to the physical characteristics of those areas,.
an empirical relationship is usually appa.re'nt. This relationship .
can then be used to deternine the lags for comparable drainage areas
for which the physical characteristics can be datermined-,' but for
which the distribution graphs for concentration points camnot be de-
termined because of 1nad.equ#te hydroldgic data. Measu.r:l.ng tﬁé 1&@;3
for the eareas above the eight points mentioned under a preceding
heading, "Dorivation of distribution grepha,® inddcated that lags .

for those areas could be exprese’é"d."“by’"‘tﬁs eapirical forrulas
L x5, m '

lag (in hours) = Ci )
where C; = a constant (see below)
L = length of longest watercourse, in niles
Leag= iength along longest watercourse, méa;ui;d UP-.
stream to a point opposite center of area, in
miles L
8 = over-all slope of drainage area between the
headwaters and the collection point, in feet
" per mile ' .
m = a constant (see delow).

On plate 50 1s shown the derivation of thls equation, a.ccoiuplis"hed.
by plotting, to logarithmic scale, observed lag versus Lz I‘:.é,a_.- The

_ plotted points for the lags of the five mountain drainage arveas

g
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suggest a straight line whose slope, m, is 0,36 and whose intercept, .

Cy, is 1,2, Adequate cdrx;obbration of the relationship expressed

by thie formula 1s indicated by the position of the line, shown
dotted on plate 5O, fitted to these ;‘ive lag points and to lag
points for seven comparable dréinage areas in the southern California
region, The same relationship does not apply to the three valley and
hill draineges, (The determinatior_x of all factors that should be in-
cluded in the formule to male one relationship applicable to all
types of ercas appears infeasible because availadle data are inade-
quate,) However, the assumption is reasonable that the lzgs for the
valley subareas cen be determined from the relationship expressed by
a straight line that is parsllel to the line for the mountain areas

and fitted to the plotted lag points for the areas above Alhambra

Woash-at -Sherd -Street and Broadwey drein at Reymond dike (two of the ]

three valley and bill areas), becauce the derived. iags for these two

areas are represeﬁtative of the lags for areas with ;éa.ved. collectirg
charnels, *.and because the -design {lood 18 assumed to occur after the
channels of a1l priﬁcipal tributaries in the v"al‘iéy area a'bovte
Vhittier Narrows have been pavéd. '

¢, S-grsph, - When lags were determined for the areas

above the eight considered points, the néxt step in determining syn-

.thetic distribtution graphs was the development of S-graphs, which

are summatioh hydroé}aphs modified to the extent that percent of ul-

tinate discharge is Plotted versus time in percent of lag, In other

" words, the derivation of an S-greph is identical to the derivation .

T

. .
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of Ve. sunmation hydrographn, except that the facto.f of lsg has been .
introduced. Time in peréent of'lég for ﬁse in developing the S-
graph for tﬁe ar»oa above San Gadbriel Dam Nb. 2 (subarea WN-2) 1is |
given in colwrn ‘r of v‘:,able 23, S-graphe for the five mountain areés
including subares ¥H..2 are chown on plats 51, énd S-graphs for the
thres valley er=ss are shown on plate 52, In conformity with the
defirition of lazg, the S-greph reaches 50 percent of ultimate dis-.
chargas ab 107 vercent of leg. Thls fact is helpful in using S-
gréphs 4o carvars run-off characterietics of wvarious drainaée areas.
The average of the S-graphs for the four mountaln areas (pl. 53) was
assumed to he epplicable teo the mountain subareas with unknowa run-
off characteristlics, and eirilarly the average of the S-graphs for
two of the inrce valle& arens (pl. 53) was assumed t§ be applicable

to the valley scliereas,

d. anplication of lag end S-pgrzphs, - The final steps in

determining eynthetic alstiridution graphs for 34 subareas for which

« pun~0ff charccieristics are unknown can be illustrated by reviewing

the £inal stepe required in détermining the synthetic dlstributlon
gré.ph for one of those subarsas, say mountain subarea WN-21, First,
values of L, L,,, and S were determined from topographic data, and

the value of Lxi

ca was computed as O.41. Then, fron the lag curve
applicable to mountain areas (pl. 50), lag for a value of 0.41 was

determined to be 0.9 hour. Next, a unit time of 20 .minutes was 56—

‘ lected, and accumulated unit-time periods were expressed as accumu-

. lated percentages of the 0,9-hour lag (seo column 2 of table 29).
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Then, these percontngoes of lag were used in superimposing a "bloék"

Kae - gfaph on the average S-graph for mountain subé.réag, and the result-- ’
ant pgttern was used in‘dotermining the accnmuleted mean percentage |
of wltimate discharge for each accumulated unit time (pl., 54).
These accumulated mean pe:qentages are tabulated in column 3 of
table 29. Then, bécause these accumulated mean percentages repre-
sent the accumulated mean percentages for the synthetic'distribution
graph for subarea WN-2l, the nean percentages for successive unit

’ perlods were determined by 2 series.of subtractions. These percent-
ages are tabulated in column ¥ of table 29. Synthetic distribution-
graph mean percentages were derivea similarly fgr 33 other subareas
for which adequate run-off data were rot availabdle. However, “he
iag curve and the average S-grsph for valley areas were used in thé
derivation of synthetic distribution-graph mean percentages for
valley subareas, Pertinent data on lag for the UC subereas are
glven in tatle 30, and pertinent data on distribution-graph percent-

ages are given in table 31.
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Table 28

Determination of summation pgraph and lagr interval for San Gabriel River
et San Gabriel Dom No. 2, subarea WN-2*

(1) (2) : - (3) : )
Resber of ¢ [/ 7 T (QEAFH 2 Accumilated : Tino
nzié 3 Distzidbutior—eraph 3 distribution-graph : in porcent
_period%® 1 morn parcentage®?® : mean percentoge : of logeeee
1 1.7 : 1.7 : 0-31
2 10.3 : 12.0 : 31-62
3 ! 31.0 : 43,0 : 62-94
ﬁ $ 10.0 s 53.0 : g4.125
5 t 6.5 1 59.5 : 125-156
16 H 5e3 t 64,8 t 156-188
7 : 4,2 : 69.0 H 188-219
g8 1 1.7 s 72.7 : 219-250
9 H 3.2 s 75.9 S8 250-281
10 3 2.7 t 76.6 : 281-312
11 : 2.0 $ 80.6 : 312-344
12 H 1.7 : 82.3 H 31;1;3:75
13 : 1.6 3 83.9 : gg 06
1 -3 1.5 H 85.4 H 6-4138
15 @ 1.b : £6.8 : 4381469
16 3 1.3 H 88.1 : 469500
17 ¢ 1.2 : §9. : 500531
18 H 1.1 H 90. H 531562 .
19 H] 1.0 H 91.4 H 562-534
20 $ 1.0 : 92.4 : 594-625
21 H <9 H 9&.3 H 625-656
22 H .9 : 94,2 : 656-688
2 H .8 : 95.0 : 688-719
2 ] o7 : 95.7 : 719-750
25 : .6 : 96.3 : 750-781
25 : .5 s 96.8 : 781-812
27 : .5 H 97.3 3 812344
+ 08 : oA s 97.7 : gul.8T5
29 : M ¢ 98.1 : 875-906
30 H R : 98.5 ¢ - 906-938
31 H o3 3 98.8 ¢ 936-969
2 1 .3 1 99.1 : 969-1,000
3 : 3 t 99.4 : 1,000-1,03
3 : o2 H 99.6 $  1,031-1,062
35 3 .2 ] 99.8 $  1,062-1,094
36 H .1 : 99.9 :  1,0041,125
37 H ol : 100.0‘ s  1,125-1,156
: ¢ ‘ t

* Data in columns 1, 2, asd 3 are used in developing summation
graph (pl, 4g9), end data in column 4 are developed by using the
lag value determined from the summation graph.

¢ Unit perlod is 30 minutss.
T ees Sge pl., N1 . W

.. We*% lag is 1.6 vhc-mrs -(sq'e pls. 49 and 50).
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Tadle 29

Determination of distribution-graph percentages from average S-graph,
subarsa Wa-21 in drainsgze area sbove Whittier Narrows Dam site

t

3 (1) . ! Tia) s . (3) T e (B) °
fumber of @ me : ccunulated H
widt ¢ 4in percent : dletribution-graph : Drstribution-graph
nexiod® of lag** : mean percentazo**¥ i mean perceantage
3 : s
1 3 0-37 : 4.6 s 4,6
2 $ 37-7T4 : 24.5 $ 19.9
3 : T4-111 s L7.5 s 23.0
s 111-148 57.9 3 10.4
5 48.185 @ 64,5 : 6.6
6 : 185.222 - - 69.8 : 3.3
7 : 222.259 73.8 : .0
8 1 259-296 3 7.1 : 3.3
9 : 296-333 19.9 3 2.8
10 2 3133.370 82,3 3 2,4
11 : 370-407 gh,2 : 1.9
12 : 407~ 3 86.0 : 1.8
13 : UTERT: +- 87.5 : 1.5
i : 482.519 88.8 : 1.3
15 & 519-556 3 90.0 : 1.2
16 : 556-.593 91.1 3 1.1
17+ . 593-630 1 92.2 3 1.1
18 ¢ 630-667 3 93.2 : 1.0
19 H 667-704% S4,1 3 9
20 ¢t To4-THL 3 94,9 : .8
21 3 T41-778 95.6 : .E
22 4 178-815 3 96.2 : .
2 : 815-852 96.8 : +6
24 - 3 852-889 3 974 3 6
25 $ ) 889—926 e 97.9 3 .E
26 ] 926963 98.3 : ot
fort $ 963-1,000 : . - 98,6 : o3
28 3 1,000-1,037 @ , 98.9 H 3
29 s 1,037-1,07h4 ¢ 99,2 : o3
30 ¢ 1,074-1,111 : 99.4% $ o2
31 3 1,111-1,148 3 99.6 : o2
32 $ 1,1h48-1,185 : 99.7 : ol
33 3 1,185-1,222'3 99,8 : .1
3 3 1,222-1,259 : 99.9 : a
35 t 1,259-1,296 3 100.0 : .1
$ ’ ] H

* Unit period is 20 ninutes,
| ** Lag 19 0.9 hour (see pl.50).
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. !‘a'b].e 35

Averago rainfall loss rates during period of 1-3 !tar‘h in 1938 etorm, various aréas in drainaze erea above

Whittier Narrows Dem site

* Excludes area above San Gabriel Dam No., 2,
** Excludes area above Thompson Creek Dam,

- $ $ H
S ¥] : Drainage area ¢ Average loss rate ’
Stream : Concentr:tion H 3 T
: poin : ' a- ¢ Pervious ! -
: ¢ -Pervious : : t impervious
: : . 1mpervioue‘= area : area
1 : : -2 :
H : Square Square Inches 3 Inches
R : : : . t  miles : miles ¢ Yrer hour 3 per hour
mambra Wagh.'..olnooo'.o..cong Shorh Stl‘eet...........: 1001‘ : 306 : OQI‘uz 0003
Big Dalton Creel,esesesseaas.st Big Dalton Dame.e.ev...t LN I PO 1439 terieinnenan
Broadway Dredfeeescessscess..ot Raymond Dike............ 1,6 : 8t 68 3 03
Eaton wash..‘.....'..‘.'......0 Eaton "aSh Dam..'....b.' 9.5 :..0..‘....0..: 22 '0..0.....‘.
San Dimas CreeK...eeeeeeecece.t San Dimas Dam,,..ee.s..t 16,2 :....... ceeeal
san Gabri-ol mvertoll....'Dt... San Gabriel Dam Ho. 1..!' t161.6 :.'0.........: ..D....’.l..
San Gabriel River, West Fork..: San Gabriel Dam No, Z,,.: TV I .3’5 feennncnnene
San Jose Crook,eseeeeecssscecest Workmen Mill Road,.....: “$:81.3 : Negligidle ; «22 : Negligible
Senta Anita Creek,.ieeesecesset Senta Anita Dam,,......: 10,8 fereeeenencnat R 2 PO
‘Walout Croekseceecsesaceccsssss Covina Boulevard,.,....: sss50 4 : Negligible : 39 : Negligible - -
. Doooou‘o-oou-ooo--ooo;oocoo! Puddingstone Dems H H H e
- : Nos. 1. 2' and 3.0000: ‘.*‘130h :..oooooo.oo-: .25 :.-a.oo.occo

¢¢% Excludes area above mouth of Big Dalton Canyon and above Puddingstone Diversion Dam and :u\.dingatone '

Dams Nos, 1, 2, and 3,

_#*%% Pxcludes area above Puddingstone Diversion and San Dimas Dams, -
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Table 37

ase floy factors from reproductions of 1938 Zlood hydvogremhn, droinoze area sbova Vhittloer
Nexroun Iham nddo

.29, =30, -32, -33.

4
Dam. H
. ] "35

: _ Baso _.ﬂ.ow factors : Subaroca to wvhich
H Discharga H 1 factors aro siasuncd
Conoentration polat $ &t boghy *’s Bl Teooi: b e . ,dEppilestila for roservolr -
t of surface @ Glacharge 3 foCOAB Loy Anslgn floudss
H o0 ) ? 2
t : : ¢
1 Luble fact ¢ Onble .mrw '
I 1 1“:‘~2 *rmaw .'L H S i
H ner 3 oy : :
, 3 gwwc rilo 3 re mlio ¢ H
' San Gabriel Rivor at San 3 17 s K3 s 0.98 3 V-1
.. Gabriel Dam No, 1. t I : : :
7; San Gabriel Rivor, Voot Fork,: 12 3 50 s «93 3 Wil.2
. at San Gabricl Dam No, 2. 3 : : t :
Eaton Wash at Zaton Wash Danm,: 11 ¢ 36 3 % WMN-13, -14, 15 -
Santa Anita Creck at Sante 3 22 3 105 3 J76 3 WN-5, -6, -7, =9, =18,
- Dem, H H H : =21, 23
 San Dimas Creck at San Dimas 6 20 3 .97 ¢ WN-3, -, -26, -27, -28,
‘ b4 3 H
: H :

¢ Recossion factor = 2*3. : ' .
Q ‘

¥hero Q’l = Peak base=flov @lschargo or any inctentaneous base-flow dischargo
occurring aftor poak basc-flow alschargs,
Qn = Instentensous basc-flov dilschargs occurring 6 hours after any given Q;..

. . A constant base Llow of § cubic feet pPor setdhd yper square mile was used for valley sub-
a.rean and for subareas that are mostly in the valley)

J
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. by comvaring characteristics of draine T
_the characteristics of the drainage areas for which

.acteristics of a-drainage arca in torms o

Determination of basin n fact tozT.-=A Das

THE SYNTINTIC URIT HYDROGA hPil

Develomment of the Svatl

wetic nit Yvadrograph.--f unit hivdrograph
for any given concentration point wiihiin a drainape azea is-a
curve showing the time distribution ¢f rates of zuncff thai would
csult at that concentrztiion point from a unit of effeciive rain-

falJ over the drainage arca avove tihwi point.
Bor arcas where there is littic ohservational data

concerning rainfall-runof{ zelationshins use is made of
npiled from physiorraphically and hydx OLOSiC"llY s:ml*a:

oo

)

- e

sidered apvlicadble to tiic study §
unit hydrogranii syntihctically cn
neipiiboring drainage basins.
whidch data are not availabie,
of runoff from neaxrby drainafe arcas
availablc.

Decause no two drni
acteristics, it is ncces
characteristics, This a
factor called lag. Lwn
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fall to the instant that the summaiio
centration point of an area recaches 50 percent of uil
charge, Lag is an empirical cxpression of fhe phaysi
£

[
=
0
(4]
o0 M
4]
»
1

Lag can be expresscd by the‘cmpiri al formulia:

o[t

¥ ./

tan%t, 1.20

Lag (hours)

(2]

-

“ Where (o}

]
®
(2]
o
%]

m = a constant, 0,38

L lengzth of longest watercourse, in miles,

=" lcagth along loagest watercourse; measul
upstream to a point opposite the centroi
of the area, in miles,

Lca

S = overailslope of drainage ~"ea between the
headwaters and tnc collection pointd, in
feet per umile,

A
reas being studice with.

C‘

have been estimated.

a 1 factor can be estimated.

asin o ractO.b
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Cuide for cstimating bLasin fretor (1):

0.200: D:al‘“ge arca has comdaratively uniform siopecs mad
surface characteristics such that channeliization docs
not occur., GCround cover consists of culiivated crops
or substantial g:ow:hs of prass and fairiy dense small
shrubs, or cacti, or similar vegetation, No drainage
iwprovements cxist in the arca.

5 = 0.050: Drainage arca is quite ruggped, with sharp ridges and
narrow, stecp canyons througzi which watercourses
nds, over large boulders, and

X &
neander around shard e
consicerable debris ob 5':;yh,0ﬁ. The grounc coves,
excluding small arzeas of rock outcrops, includces many

trees and considorablce undexbrush. No drainage improve-
ments exist in the area

- : . - - - - o e . .
n = 0.,030: Drainage azeca is fenernlly roiling, with zoundied
ridges and modlcerate side s.opcs. Watercoursces mcandes

a
in faizly st*alg:c, unars
boulidexrs and lodz ded
scattered brush and g

exist in the arca,

ne-040L5: ~Drainage area-has fad
: most watercourscs citha
sireets. Ground cover consisis of some rrasses vi
appreciable azrces &cveloped to the cxtent that a 1
percentage of the arca is impervious.

=1y unifoun, gentie slopes with
er improved or along paved

S-rranpis.—~- A summation hydrograph is a

would *csult from the continuous geacra

fall over an area. The ordinate is ¢

petccn. of ultimate rate of runoff, and
a

hydrog aoﬁ of runoif that

son of unit effective rain-
cssed as rate of runoff In
T
in time units. An S-graph is & summation hydrog nli modaf lcd to
the extent that percent of ultimate discharge is plotted versus

‘time in percent of lag.

-

For unit hydrograph computation sec s“mplc ccvpu»aﬁio
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WAR DEPARTMENT CORPS OF ENGINEERS, U.S. ARMY

D ISTRIB'JTION GRAPH PERCENTAGES

1 20-MIN. PERI PERIOD PERCENT 20 MIN PERIOD PER_CENT 20 MIN. PERIOD PERCENT

40 ¥ 16 15 b 31 05
125 i7 .4 32 0.4
17.0 18 1.3 33 - 04
12.5 9 L2 34 , 0.4
20 11 35 0.3
21 .O 36 0.3
22 | 37 0.3
23 . 38

:@mqmwbwm—

~ | RAINFALL IN INCHES
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20f SRR i = = 0 - % I
F —' - ......... . N '
Lol g % - il : PR S ‘t ..... i 5 l E vvvv i
-:'ff RECO:‘?DED HVDI‘?OG/?AP"/ ll 3 N BN NS R IS FREE N BEERES BENE i‘:E:' —~—-~——~—- —“i———_i ) i ;:_%.:.:;:A IR B
' ,‘_}:,.: EEEERE R HINRERE |EANSEEE [SE DREEE) REGEES EEEEH FEENRY EAREEN DRSNS ERESEN LR DS SENAE D SRS BT FEEERS LR
|6 ‘—‘—i P - I . . . L - g - e . C R poo . . : ! - - ¢ .
ot

4 TOTAL DRAINAGE AREA _ . -o__.....-.95 SQ. ML

1
,.A
S B S P
,.,..‘..
!
H

i '] AVERAGE RAINFALL DEPTH OVER AREA:

L/?EPE’O[)UCED HVDPO(;RAPH i

DISCHARGE IN HUNDRED C.F¥ S.

PSP oo ERESEY ERESVI ERR RS BEEES S FEENY KRN : — | oy | LOS ANGELES COUNTY DRAINAGE AREA,CALIFORNIA
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e T L L L e ] T o T WHITTIER NARROWS F-C. BASIN

EEE s Va =i:biilii] AMOUNT IN 24 HOURS BEGINNING 1700 MARCH 1._.10.43 INCHES
SESERV u PEL T AMOUNT EFFECTIVE €0 oo . 281 INCHES
l2 - . - - e . PO
e . 2,000 AC-FT.
L AEEY RN TOTAL RUN-OFF FOR PERIOD OF SURFACE RUN-OFF._{<
;- :F { 395 INCHES
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| EaE ASSUMED BASE FLOW = & : ]
EREE IR ; o ._'
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Ty me'DEPARTMENT  SR ' | o || EE R CORPS OF ENGINEERS, U. S. ARMY
s | : ' 1iggt DISTR!BUTION-GRAPH PERCENTAGES

20-MIN.FERICD| PERCENT* 20-MIN.PERIOD T PERLENT . 20-MIN.PERIOD | PERCENT
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18 33
19 b 34
20 i a5
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e 3
|
RN
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N
INCHES

©CoO~NOOMBWN —

< 6.5 1.0 0.4
© 8.0 0.9 0.3
i 7 < 29 0.9 0.3
A1 | 2.0 7.5 08 | 0.3.
A o 5.9 21 08 36 » 0.3
- . = 4 03 <3 47 22 07 37 0.2
T R TR o o 37 ¢ 23 07 38 0.2
DRt N iad RERERS R RERRRES: SRS/ Zx 30 24 06 39 0.2
6= e gl 04 _ia 10 25 0 25 06 40 0.2
TRy b ; SERS =g u I 29 - 26 06 41 Q1
gx3 it : e/ aEasl 1 g 12 7 27 05 42 0.1
L5 SEEREES BIAAS Sl saa osz 8 13 4 o3 05 | 43 0.1
B RSN : 1B % 1z & 14 1.2 29 0.5 i 44 0.1
: 3 ST : e 4 o 15 Lt 30 04 i 45 0.1
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L b T e i R D LN T et D T T T AMOUNT EFFECTIVE D _ 4.65 INCHES
! 3 EREREE EERE Y REEEUE FUNEE 4,250 AC-FT.
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CORPS OF ENGINEERS, U.S. ARMY

, N BRI [ DISTRIBUTION-GRAPH PERCENTAGES

I B i SITE |1 1] 30-MIN.FERICD FEHcEr:T 30-MIN.PERIOD | PERCENT || 30-MIN.PERIOD | PERCENT
e ;gg 1 14 1.2 28 0.4
258 JREEE 2 2.z 15 1.1 29 0.4
- il EERR R run s fernan e <souer s Er il 3 20 16 1.0 30 03
:_3 Madhay o1 B B o CrtriinToon jt :; : zg 15),'{ 17 09 3; 0.3
S APPARENT EFFECTIVE RAINF‘ALL(l) B S E 7.0 '8 09 3 0.3
Sl aLL‘ RN % N T gg s _6] 5; 19 08 33 0.2

N : RIS T N N Tt - : A -0 08 34 0.2 )
; [APPARENT RAINFALL Loss1 Q) i & 34 21 0.7 35 0.2
I RO R e N S e 2 25 22 0.7 36 0.2
IR RN R - ECEE S EU RS NN B LT e 23 0.6 37 0.1
e R R EeEt EREER LR ERA T e Hh '] 2 24 06 38 0.1
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o 13 1.5 26 05 40 0.1
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AMOUNT 1N 24 HOURS BEGINNING 1700 MAR.1_______ 9.97 INCHES
AMOUNT EFFECTIVE (DD . 3.56INCHES

3750 AC-FT
0 ' ' :
TOTAL RUN-OFF FOR PERIOD OF SURFACE RUN-OFF.____ 4 34 INGHES
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WAR DEPARTMENT
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CORPS OF ENGINEERS, U. S. ARMY_.

WAR DEPARTMENT :
B0 A T l 5 T ;
o o SUMMATION HYDROGRAPH - : B 'J-J,_‘p-"“ 11 T J-=f7 \ ! _ 1 _ i
00 11 - ' 11 T _OISCHARGE REACHES 100 % _]
UNIT _TIME i
/ ] dé / ]
w 80 | [ L L1 ‘ : I
O 3 \ ACCUMULATED PERCENTAGES OF UNIT-PERIOD RUN-OFF (SEE TABLE 28)
@ /6 ! , L L N .
£ HOURS | T j ;
8 K I +
o 70 + .
y .
w —_—
N va | i u
< / K T
2 ol 111
= YOI 17
-~ “
= A NEEE
W r P -
o Y : >
50 + -
- HEN INEER L : s
z “LAG" DEFINED AS‘“THE ELAPSED TIME (IN MOURS) FROM
S ‘ *l_ | BEGINNING OF UNIT-RAINFALL TO THE INSTANT THAT
x ] THE SUMMATION HYDROGRAPH REACHES 50 PERCENT
a 40 OF ULT/MATE DISCHARGE.’
z
v
A 30
£ ] NoTE: i
O SUMMATION HYDROGRAPH BASED ON/
= UNIT-GRAPH ANALYSIS OF 1938 FLOOD.
20
!
LOS ANGELES COUNTY DRAINAGE AREA ,CALIFORNIA
_ WHITTIER NARROWS F-C.BASIN
o : | SUMMATION HYDROGRAPH
_ - , _ AND DETERMINATION OF
-f INENE T . |7 LAG INTERVAL
/ , - o .~ DRAINAGE AREA ABOVE
o | ‘ SAN GABRIEL DAM NO. 2
o 1 2 3 4 5 6 7 8 9 10 I 12 13 14 15 16 17 18 19 20 21 22 23 24 25 U.S.ENGINEER OFFICE
N S : : TIME IN HOURS | -~ | : LOS ANGELES, CALIFORNIA
) ’ : TO ACCCMPANY REPORT DATED:12-20-44
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WAR DEPARTMENT | fo CORPS OF ENGINEERS, U.S.  ARMY

W  DRAINAGE
) R L Lca = S LAG .
N o ~ B MILES MILES FT./MIL. - HOURS - TERMINOLOGY
S SAN’ GABRIEL an&n AT SAN GABRIEL DAM NO. 1* . 23.2 1.6 350 3.3
2 WEST FORK SAN GABRIEL RIVER AT SAN GABRIEL DAM NO. 2 40.4 9.3 4 2 450 .6 L = LENGTH OF LONGEST WATERCOURSE.
3 SANTA ANITA CREEK AT SANTA ANITA DAM ‘10.8 58 .2.5 690 1.1
4 SAN DIMAS CREEK AT SAN DIMAS DAM - 16.2 8.6 4.8 440 1.5 L= LENGTH OF LONGEST WATERCOURSE,
5 EATON WASH AT EATON WASH DAM 9.5 7.3 4.4 600 1.3 CA MEASURED UPSTREAM,TO POINT
6 MURRIETA CREEK AT TEMECULA C -220.0 27.2 10.3 95 4.0 OPPOSITE CENTER OF ARFA.
3 R LA R E R EUea e Ak voN * * Lo 1823 20 113 1% 35
. 3. I 7 _ -
9 SANTA MARGARITA RIVER NEAR FALLBROOK 845.0 460 220 105 7.3 S = OVER-ALL SLOPE OF DRAINAGE
10 EAST FULLERTON CREEK AT FULLERTON DAM 3.1 3.2 1.7 140 0.8 AREA BETWEEN HEADWATERS AND
Il TUJUNGA CREEK AT TUJUNGA DAM NO.1 81.4 15. 1 7.3 290 2.5 COLLECTION POINT,
12 SANTA MARGARITA RIVER AT YSIDORA 740.0 61.2 34.3 85 9.5
I3 SAN JOSE CREEK AT WORKMAN MILL ROAD % % % ‘81.3 237 9.1 75 24 LAG=ELAPSED TIME FROM BEGINNING
N i4 ALHAMBRA WASH ABOVE SHORT STREET 14.0 9.5 4.6 85 0.6 OF UNIT RAINFALL TO INSTANT THAT
15 BROADWAY DRAIN ABOVE RAYMOMD DIKE 2.5 34 1.7 100 0.28 SUMMATION HYDROGRAPH REACHES
% EXCLUDES AREA ABOVE SAN GABRIEL DAM NO, 2
. % % PALOMAR MOUNTA!N PORTION. ENTIRE AREA IS 319 SQUARE MILES,0F FwH HICH 151 SQUARE MILES DIDNOT 50 % OF ULTIMATE DISCHARGE,
. CONTRIBUTE APPRECIABLE FLOOD FLOWS DURING THE 1937 AND 1930 o CURRENCES.
% % * EXCLUDING AREA ABOVE THOMPSON CREEK DAM. b
T T
- o ~
i . ___4 L ‘27,",_/
|
. AVERAGE LAG CURVE FOR REGION A —=T* LEGEND
'i - - o " 3 g 5'—'_" — e r—
T _ T B "‘_;‘;”"““"" @ SAN GABRIEL RIVER AND STREAMS
6 | : gt - DRAINING THE MOUNTAIN FRONT.
E _ Lo FA N : e , s | 1 1T O OTHER REGIONAL STREAMS.
3: | . SAN GABRIEL MOUNTAIN DRAINAGE AREA
; s USED FOR SUBAREAS WN-3,-4,- 5,
8 - — - /% -9°14,-15,-18,-2/-23,-26, - 2 7 28 29 . -
<l s LT 30-32,-33 &-35. , ~ '
o = | LAG=1.2 9——‘?——‘7 '
T 2= i s/
— - == =
Z : % 4 K //
= 3 A" 5 : L~
e o
O R el & s %
2 H = T
_] 8f- Lot 70 , . _/Z -
- - 4/‘:::—. —LJQ x . -1 . 11 -
6 // . ..‘A . }'fF .___}:.\\ ‘
’ Bl ad o N__{USED FOR SUBAREAS WN-8,-10,-11,- 12, -/6-/7-/9-20
S I : 1 T -82,-24,-25,-3, -34, ’36 '378-.38 _
-4 l el Leg)-36
’ F B ; - LAG -0.34 —5—5— _ LOS ANGELES COUNTY DRAINAGE AREA, CALIFORNIA
5 ’ l/_?}_/"‘ WHITTIER NARROWS F-C.BASIN
R i H T . . 1 . . R ;
TR T - A H -1+ | LAG RELATIONSHIPS
= y —— . - N >y DRAINAGE: "-AREAS IN
06 .08 1 2 3 3 56 8 1.0 2 3 4 56 8 |0 20 30 40 5060 80 100 200 - 300 400 600 :
. 2 >6 8 | > Lo L . » e - SOUTHERN CALIFORNIA"
CA . _ . ‘
S ¥ Do } _ e : _ U.S. ENGINEER OFFICE
E . | : LOS ANGELES, CALIFORNIA
e ' TO ACCOMPANY REPORT DATED:12-20-’44
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CORPS OF ENGINEERS, U, S. ARMY -

IN PERCENT OF ULTIMATE DISCHARGE

DISCHARGE

100

90

80

~ 70

50

40

30

20

10

) WAR DEPARTMENT

60 |-

300

TIME IN PERCENT OF LAG

T TF LT T T Ll I ga
T T
//‘ P [ /-"/’/ir
//r Beza R
- _ =4 1
4 = '
BT i
- ’4»’// |
/////
VA
¥ g
XA '
),
!', h
7/ i i
7/ W
47 L
/4 - . JLEGEND
f . .mm—— EATON: WASH~ AT+EATON WASH DAM (WN-I3)
— — SAN DIMAS CREEK A N "DIMAS DAM t
7 —-— SAN GABRIEL RIVE& AT SAN GABRIEL DAM NO. | (WN-I1)
Y —--— SANTA ANITA CREEK AT .SANTA ANITA DAM
ol —— WEST FORK OF SAN GABRIEL RIVER AT
f,/. SAN GABRIEL DAM NO. 2 (WN-2) ]
Ji v - - -
g - .
[
[
T q1 4
/
i
[l
{1 .
f 1200 1300 1400 ..
' I A |
) |
W’//} THE SUMMATION HYDROGRAPH FROM WHICH LOS ANGELES COUNTY DRAINAGE AREA, CALIFORNiA
1) ] THIS S-GRAPH WAS DEVELOFED IS SHOWN | WHITTIER NARROWS F.-C. BASIN
4 ] : : .
i ON PLATE 49. . " S'- GRAPHS
" : : L . v o
. = MOUNTAIN AREAS
"ioo; 200 400 500 600 700 - 800 - 900 1000 1100 U.S.ENGINEER OFFICE

LOS ANGELES, CALIFORNIA
TO ACCOMPANY REPORT DATED:12-20-'44

FILE NO.393/139 PLATE 5l



2 E]
) WAR DEPARTMENT CORPS OF ENGINEERS, U. S. ARMY
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State of California - Department of Water Resources PAGE -6-
Division of Flood Management - California Cooperative Snow Surveys 1 of 4
Daily Snow Sensor Report

Snow Water Equivalents (inches) - December 15, 2002

Basin Name Coop. Apr 1 Percent 24 Hrs 1 Week
Station Name ID Agency Elev Avg Today Apr 1 Ago Ago

TRINITY RIVER
Peterson Flat PET DWR 7150 29.

2 8.3 28% 6.5 5.0r

Red Rock Mountain RRM DWR 6700 39.6 13.3 33% 11.3 6.1
Bonanza King BNK DWR 6450 40.5 6.4 15% 5.0 1.8
Shimmy Lake SHM DWR 6400 40.3 14.2e 35% 12.2 5.6r
Middle Boulder 3 MB3 DWR 6200 28.3 5.5e’ 19% 3.2 1.3
Highland Lakes HIG DWR 6030 29.9 5.6 18% 5.3 0.0r
Scott Mountain SCT DWR 5900 16.0 4.9 30% 3.6 0.8
Mumbo Basin MUM DWR 5650 22.4 4.0 17% 2.8 0.0r
Big Flat BFL DWR 5100 15.8 2.4e 15% 1.8 0.0r

SACRAMENTO RIVER
Cedar Pass CDP NRCS 7100 18.1 2.6 14% 2.6 2.1
Blacks Mountain BLA DWR 7050 12.7 -——- -—— -—— -
Sand Flat SDF DWR 6750 42.4 10.7 25% 7.1 3.8r
Mediciné Lake MED DWR 6700 32.6 6.6 20% 4.1 3.0e
Adin Mountain ADM NRCS 6200 13.6 3.3 24% 3.6r 3.4
Snow Mountain SNM DWR 5950 27.0 2.5e 9% 1.4 1.3
Slate Creek SLT DWR 5700 29.0 2.8 9% 2.8r 0.0r
Stouts Meadow STM DWR 5400 36.0 2.4 6% 1.2 0.0r

FEATHER RIVER
Kettle Rock KTL DWR-BE 7300 25.5 4.8 18% 3.0 2.4r
Grizzly Ridge GRZ DWR-BE 6900 29.7 4.0 13% 2.4 1.7r
Pilot Peak PLP DWR-BE 6800 '52.6 0.8 1% 1.0 0.0r
Gold Lake GOL DWR-BE 6750 36.5 9.2 25% 6.8 5.0
Humbug HMB DWR-BE 6500 28.0 9.6 34% 7.4 5.7r
Rattlesnake RTL DWR-BE 6100 14.0 1.7 12% 0.6 0.0r
Bucks Lake BKL DWR-BE 5750 44.7 0.2 0% 0.2 0.0rxr
Four Trees FOR DWR-BE 5150 20.0 0.7 3% 0.4 0.0r

EEL RIVER
Noel Spring NLS USACE 5100 —-——— 0.7 -— 0.0 0.0r
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Station Name ID Agency Elev Avg Today Apr 1 Ago Ago

YUBA & AMERICAN RIVERS
Lake Lois LOS DWR 8600 39.5 19.5r 49% 16.9 13.6r
Schneiders SCN SMUD 8750 34.5 13.1 37% 10.3 9.0
Caples Lake CAP DWR 8000 30.9 3.6 11% 1.9 1.8r
Alpha ALP SMUD 7600 35.9 3.0 8% 1.7 0.0r
Meadow Lake MDW DWR 7200 55.5 12.7 22% 10.9 8.5r
Silver Lake SIL DWR 7100 22.7 2.7 12% 1.2 0.0r
Central Sierra Snow Lab CSL NRCS 6900 33.6 5.7 16% 4.1 2.7r
Huysink HYS DWR 6600 42.6 4.4 10% 4.1 3.6r
Van Vleck VVL SMUD 6700 35.9 6.3 17% 5.5 2.3r
Robbs Saddle RBB SMUD 5900 21.4 2.0 9% 1.0 0.0r
Greek Store GKS DWR 5600 21.0 2.2 10% 1.3 0.0r
Blue Canyon BLC DWR 5280 9.0 2.5 28% 0.8 0.0r
Robbs Powerhouse RBP SMUD 5150 5.2 1.7 33% 0.4 0.0r

MOKELUMNE & STANISLAUS RIVERS
Deadman Creek DDM DWR 9250 37.2 6.6 17% 5.7 5.1r
Highland Meadow HHM DWR 8700 47.9 12.4 25% 11.2 10.9
Gianelli Meadow GNL DWR 8400 55.5 8.0 14% 7.2 7.0r
Lower Relief Valley REL DWR 8100 41.2 10.3 24% 7.0 7.0
Blue Lakes BLK NRCS 8000 33.1 6.0 18% 4.0 3.2
Mud Lake MDL SMUD 7900 44.9 12.3 27% 10.1 6.2
Stanislaus Meadow SLM DWR 7750 47.5 8.0 16% 6.3 6.0r
Bloods Creek BLD DWR 7200 35.5 4.8 13% 2.4 1.4r
Black Springs BLS DWR 6500 32.0 2.9 9% 1.6 0.0r

TUOLUMNE & MERCED RIVERS
Tioga Pass Entrance TES DWR/SS 9945 -—- - -—— - -——
Dana Meadows DAN DWR 9800 27.7 9.4 34% 8.1 7.3r
Slide Canyon SLI DWR 9200 41.1 9.8 23% 9.2 7.9
Lake Tenaya TNY DWR 8150 33.1 8.6 26% 6.8 4.1e
Tuolumne Meadows TUM DWR 8600 22.6 6.1 27% 5.0 2.5e
Horse Meadow HRS DWR 8400 48.6 14.4 29% 11.8 7.2r
Ostrander Lake STR DWR 8200 34.8 8.5 24% 5.2 3.9
Paradise Meadow PDS DWR 7650 41.3 8.9 21% 7.0 4. 4r
Gin Flat GIN DWR 7050 34.2 1.8 5% 0.6 0.0r
Lower Kibbie Ridge KIB DWR 6700 27.4 1.8 6% 0.7 0.0r

SAN JOAQUIN RIVER
Volcanic Knob VLC DWR 10050 30.1 9.8 32% 9.2 8.5
Agnew Pass AGP DWR 9450 32.3 8.1 24% 7.4 6.1
Kaiser Point KSP DWR 9200 37.8 9.1 23% 8.8 9.1
Green Mountain GRM DWR 7900 30.8 2.0 6% 1.1 0.0r
Tamarack Summit TMR DWR 7550 30.5 1.2 3% 0.4 0.0r
Chilkoot Meadow CHM DWR 7150 38.0 1.3 3% 0.0 0.0r
Huntington Lake HNT DWR 7000 20.1 1.1 5% 0.0r 0.0r
Graveyard Meadow GRV DWR 6900 18.8 0.7 3% 0.1 0.0r
Poison Ridge PSR DWR 6900 28.9 0.8 2% 0.6 0.0r
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Basin Name Coop. Apr 1 Percent 24 Hrs 1 Week
Station Name ID Agency Elev Avg Today Apr 1 Ago Ago

KINGS RIVER
Bishop Pass BSH DWR/SS 11200 34.0 5.6 16% 5.0 4.3
Charlotte Lake CRL DWR/SS 10400 27.5 10.0 36% 9.2 9.1
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State Lakes STL USACE 10300 29.0 6.8 23% 6.2 6.2r
Mitchell Meadow MTM USACE 9900 32.9 13.9 42% 13.5 13.4
Blackcap Basin BCB DWR/SS 10300 34.3 8.9 26% 7.9 7.6
Upper Burnt Corral UBC DWR/SS 9700 34.6 11.0 31% 9.7 9.1
West Woodchuck Meadow WwWeC USACE 9100 32.8 1.0 3% 0.5 0.0r
Big Meadows BIM DWR/SS 7600 25.9 4.0 15% 2.6r 0.0r

KAWEAH & TULE RIVERS
Farewell Gap FRW DWR/SS 9500 34.5 8.0r 23% 7.5 7.5r
Quaking Aspen QUA DWR/SS 7200 21.0 1.2 5% 1.0 0.0xr
Giant Forest GNF USACE 6650 10.0 0.4 4% 0.0 0.0r

KERN RIVER
Upper Tyndall Creek UTY USACE 11400 27.7 5.4 19% 4.7 4.8
Crabtree Meadow CBT DWR/SS 10700 19.8 5.8 29% 5.5 5.4
Chagoopa Plateau CHP DWR/SS 10300 21.8 7.2 32% 7.2 7.2
Pascoes PSC USACE 9150 24.9 3.2 12% 2.3 2.5
Tunnel Guard Station TUN DWR/SS 8900 15.6 0.7 4% 0.0xr 0.0r
Wet Meadows WTM USACE 8950 30.3 0.0 0% 0.0 0.0rxr
Casa Vieja Meadows csv DWR/SS 8300 20.9 3.3e 15% 3.3e 3.3e
Beach Meadows BCH DWR/SS 7650 11.0 0.0r 0% 0.0r 0.0r

SURPRISE VALLEY AREA
Dismal Swamp DSS NRCS 7050 29.2 3.8 13% 3.2 2.3

TRUCKEE RIVER
Mount Rose Ski Area MSK NRCS 8900 38.5 13.3 34% 10.8 8.1
Independence Lake IDp NRCS 8450 41.4 12.8 30 10.4 8.0
Big Meadows BMW NRCS 8700 25.7 5.8 22% 3.7 3.0
Squaw Valley SQV NRCS 8200 46.5 21.0e 45% 17.7 10.6
Independence Camp IDC NRCS 7000 21.8 2.2 10% 0.6 0.0rxr
Independence Creek INN NRCS 6500 12.7 2.7 21% 1.3 1.2r
Truckee 2 TK2 NRCS 6400 14.3 4.7 32% 3.1 2.1

LAKE TAHOE BASIN
Heavenly Valley HVN NRCS 8800 28.1 6.6 23% 4.9 4.1r
Hagans Meadow HGM NRCS 8000 16.5 3.4 20% 1.6 1.0
Marlette Lake MRL NRCS 8000 21.1 3.9 18% 2.9 2.1
Echo Peak 5 EP5 NRCS 7800 39.5 11.1 28% 9.0 7.1r
Rubicon Peak 2 RP2 NRCS 7500 29.1 3.6 12% 2.1 1.4
Tahoe City Cross TCC NRCS 6750 16.0 2.0 12% 0.9 0.0xr
Ward Creek 3 WC3 NRCS 6750 39.4 7.4 18% 5.2 4.0r
Fallen Leaf Lake FLL NRCS 6250 7.0 1.8 25% 0.3 0.0r

State of California - Department of Water Resources PAGE -6-

Division of Flood Management - California Cooperative Snow Surveys 4 of 4

Daily Snow Sensor Report

Snow Water Equivalents

Basin Name

Station Name

CARSON RIVER

Ebbetts Pass
Poison Flat

Monitor Pass
Spratt Creek

WALKER RIVER

Leavitt Lake
Virginia Lakes
Lobdell Lake

(inches)

- December 15,
Coop.

ID Agency
EBB NRCS
PSN NRCS
MNT NRCS
SPT NRCS
LVT NRCS
VRG NRCS
LBD NRCS
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Apr 1
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Sonora Pass Bridge SPS NRCS 8750 26.0 4.2 16% 3.3 3.1
Leavitt Meadows LVM NRCS 7200 8.0 1.4 17% 0.0 0.0r
JWENS RIVER/MONO LAKE
Gem Pass GEM DWR 10750 31.7 2.1 38% 9.4 9.4
Sawmill SWM DWR/SS 10200 19.4 8.2 42% 6.8 6.8
Cottonwood Lakes CWD DWR 10150 11.6 4.8 41% 4.8 5.1
Big Pine Creek BGP DWR 9800 17.9 5.8 32% 5.1 5.1
South Lake SLK DWR/SS 9600 16.0 4.9 30% 4.3 4.4
Mammoth Pass MHP DWR 9300 42.4 8.9 20% 7.6 7.6
Rock Creek Lakes RCK DWR 10000 14.0 3.5 25% 2.9 2.9
Values are inches of water, compared with 50-year averages.
Flags: ' (e) value is estimated (r) value revised from earlier report
Report name: Download | Back
Real-Time Data | Group of Real-Time Stations | Daily Data | Group of Daily Stations
Monthly Data | Historical Data | Custom Graph Plotter | Text Reports
Cnlrarma Dot Exananage Lo Mal to welbymastor
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